G1 Resource profiles, extrapolation domains, and land-use patterns by Nelson, Andrew
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Proposal 
 
 
G1 Resource profiles, extrapolation domains, and land-use 
patterns 
IRRI 
 
 
 
 
 
 
April 2011 
 
 
 1 
PART A: SUMMARY 
 
1. Project Data  
BDC:  Ganges Basin 
Project Title: G1 Resource profiles, extrapolation domains, and land-use patterns 
Project Lead Organization: IRRI 
Consortium partners (who receive budget): IWM, SRDI, LGED, BWDB 
Project Leader (name and contact details): Andrew Nelson, Social Sciences Division 
International Rice Research Institute (IRRI), DAPO Box 7777, Metro Manila, Philippines 
+63 2 580 5600 / a.nelson@irri.org 
Duration: 36 months 
Target start date: 30 April 2011 
Finish date (not later than 30 April 2014): 30 April 2014 
Maximum budget requested from CPWF (in US$): 899,256 
Any matching funds offered (provide brief explanation): None 
 
2. Project Summary 
Rationale 
The Ganges Basin Development Challenge (BDC) research program will focus on brackish-water 
coastal zones in the Ganges Basin, where agricultural lands have a maximum salinity greater than 
5 ppt (parts per thousand) in the dry season (salinity is lower in the wet season). The BDC vision of 
success requires innovations in water governance, improved availability of dry-season water, 
improved practices for managing salt-affected lands, and intensification and diversification of 
farm systems. In short, the program requires technological innovation and effective dissemination 
of those technologies. 
Before a technology can be disseminated beyond the study site where it is developed, it is 
important to identify its “extrapolation domain.” This requires matching the resource profile of an 
area with the resource requirements of a technology. The goals of these technologies—increased 
resilience, improved livelihoods, increased production—also require an understanding of how can 
the land in the coastal zones best be zoned and used to meet different goals and objectives? And, 
how should land use change for anticipated hydrological change scenarios? This project aims to 
answer the question of “what works where” now and under climate change scenarios. 
The G1 project has four activities, each with one output. 
1) Compilation of a geodatabase covering all spatial information related to the project. 
2) Characterization of the test sites and study areas from projects G2 and G3. 
3) Mapping extrapolation domains for each technology from G2. 
4) Development of future land-use plans based on historical land-use trends, assumed 
changes, constraints, and interventions from future scenarios. 
 
The likely impacts of G1 are  
i) Better targeting information for local government and extension services, which in turn leads to 
a higher likelihood of adoption of new crop intensification and water governance strategies. 
ii) Better decision making at the local government level due to improved awareness of land-use 
options. 
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PART B: PROJECT DESCRIPTION  
 
3. BDC Goal to which the project will contribute  
 
BDC Goal 
The goal of the Ganges BDC is “to reduce poverty, improve food security, and strengthen livelihood 
resilience in coastal areas through improved water governance and management, and more 
productive and diversified farm systems.”  
The objective of the Ganges program is “to improve resource productivity and increase resilience 
of agriculture and aquaculture systems in brackish-water coastal areas of the Ganges.” Five 
specific objectives are identified that will contribute to the achievement of this objective, and the 
ultimate goal of the Ganges BDC: 
(i) To establish a geo-referenced database for the coastal zone of Bangladesh and to facilitate out-
scaling of technologies through the identification of target domains and land-use planning. 
(ii) To develop and introduce resilient agriculture/aquaculture production systems in the coastal 
zone of Bangladesh and India for the benefit of poor households. 
(iii) To improve water governance and management for resilient production systems. 
(iv) To assess the impact of anticipated external hydrology changes on water resources in the 
coastal zone of the Ganges. 
(v) To enhance impacts in Bangladesh and India through stakeholder participation, policy dialogue, 
and effective coordination among other government-, NGO-, CGIAR-, and donor-sponsored 
projects and programs in the Ganges BDC research program. 
 
Project G1 objective 
To establish a geo-referenced database for the coastal zone of Bangladesh and to facilitate out-
scaling of technologies through the identification of target domains and land-use planning  
The objective of G1 is to contribute to the BDC mission by developing a comprehensive 
geodatabase of the coastal zone of the Ganges Basin, which will describe the region in terms of 
water resources and management; soil and salinity profiles; land use and cropping systems; 
climate and the natural environment; social characteristics: and infrastructure. Hence, G1 will 
develop a detailed resource profile of the region for (i) technology targeting and (ii) land-use 
planning.  
 
Specific objectives and their contribution to the goal and BDC mission. 
i) This resource profile will provide detailed characterizations of the study sites where projects G2 
and G3 will work. GIS tools and expert knowledge will be used to  
develop extrapolation domains to determine the areas where each technology will have the 
greatest chance for success. It will determine “what works where” by matching the resource 
requirements of each technology to the resource profile. 
ii) Plausible and sustainable future land-use plans will be developed based on current and 
historical land-use trends, the future water resource scenarios from project G4, and expert 
knowledge. Drivers of land-use change will be determined in conjunction with project G4 and 
their likely effect on land use will be mapped with GIS tools and by consultation with project 
partners.   
Via project G5, these extrapolation domains and land-use plans will contribute to policy briefs and 
recommendations for effective investments in crop diversification and other technologies as well 
as land resource management programs. They will provide compelling visual evidence to decision 
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makers on the extent of the impact of new technologies and the land-use changes that must take 
place to improve food security and strengthen livelihood resilience in the mid to long term.  
 
4. Research questions and methodologies  
 
Each activity in the G1 project will answer one research question 
 
1) Compilation of a geodatabase covering all thematic spatial information related to the 
project.   
Q1: What are the key characteristics of the Ganges coastal region that pertain to the BDC 
mission? 
G1 has brought together a strong consortium of partners in Bangladesh with knowledge of and 
expertise (in resource management and/or GIS) in the Ganges coastal region.  The aim is to collect 
data at 1:50,000 scale, something that has rarely been possible with previous country-wide 
assessments of Bangladesh which have often been conducted at 1:250,000 scale or coarser. 
 
Existing spatial databases (see section 5 for examples) will be reviewed and assessed to reduce 
the risk of duplication of effort and to identify key information gaps.  Much of the data is already 
known to the consortium which should facilitate a rapid review. 
 
We have established that the G1 partners are the curators of, or have ready access to, a wide 
range of detailed, spatial and tabular data for the coastal zone but we also recognize that this still 
needs to be collated and standardized.  Additional data will be collected from other providers via 
the G1 partners, such as Union and Thana level socio-economic survey data from the Bangladesh 
Bureau of Statistics via LGED.  
 
The spatial data will be catalogued – in the ESRI ArcCatalogue software - based on the information 
provided in the inventories. This includes full metadata development and tagging with key words 
to define the thematic content.  
 
Data will be standardized to a common spatial framework – projection, datum and 
thematic/spatial/temporal resolutions – within the ESRI ArcGIS software, and a geodatabase 
design based on standard ArcGIS data models will be utilized to specify how the properties of each 
spatial feature will be recorded. 
 
Relationship classes between features and their attributes and spatial rules about their topology 
will also be developed as part of the geodatabase design.  These are standard and obligatory steps 
in spatial database development. 
 
Duplicate information sources will need to be assessed on a case by case basis to select the most 
appropriate source for the task at hand.  This task is facilitated by good documentation and 
metadata. Where needed the project will endeavor to create such metadata and deliver it back to 
the data providers as an added value product. 
 
Thus, in cooperation with G1 project partners, we will develop a consistent geodatabase of key 
data sets and information sources to describe the resources and environment of the region. We 
will aim to do this at a higher level of spatial (i.e. sub polder level) and thematic detail than is 
available in similar assessments in order to match the expectations of the basin sub projects.  The 
LoAs with the partners will enshrine the intellectual property rights of the partners data while 
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encouraging fair use within the project consortium. The geodatabase will be used by the partners 
throughout the project and it will be documented (i.e., its contents will be described by metadata) 
and this will be made available to others parties.  
We will aim to include spatial information on 
 soil profiles and soil mapping units, both physical and chemical properties 
 soil and water salinity time series 
 time series on water quality and level 
 weather station data 
 water management and infrastructure 
 poverty, social structure, and economic indicators to characterize the population and its 
economic activities 
 land use, land cover, and land suitability 
 population, transport infrastructure, and access/travel time to markets 
 cropping patterns, production, area, yield, variety, and land management  
 agricultural inputs 
 
2) Characterization of the test sites and study areas from projects G2 and G3. 
Q2: What are the key environmental, social, and management factors that enable a particular 
technology to succeed?  
The spatial data compiled in activity 1 will be used to characterize the chosen study sites from 
projects G2 and G3. We will work with G2 and G3 to georeference the sites and to identify the 
resource requirements for each technology. In short, we will determine the key environmental 
and social factors that enable that technology to succeed, and how to describe these resource 
requirements with the available spatial data. The collection of this data will follow a similar 
protocol to that outlined in activity 1.  This information will be provided back to the sub projects 
but will also form the ‘observed’ data sets for the domain extrapolation. 
 
3) Mapping extrapolation domains for each technology  
Q3: Where are these technologies most likely to succeed and what are the most important 
factors? 
Working with G2 and G3, we will develop suitability maps for each technology. We will match the 
resource profiles from the characterized test sites in activity 2 to the region-wide spatial data in 
activity 1 using spatial models such as MaxEnt and Random Forest to create probability maps for 
each technology. These are just two examples of the spatial models that we will review and assess 
in combination with the available spatial data to determine the most appropriate models for 
domain extrapolation (c.f Activity 3.1 and Milestone 3.a) The probability maps will reveal areas 
that have environmental, social, and infrastructure profiles similar to those found at the study 
sites. 
 
Maximum Entropy is a general purpose method for making predictions from incomplete 
information. It is essentially a robust form of logistic regression.  A spatialised version called 
MaxEnt (http://www.cs.princeton.edu/~schapire/maxent/) is freely available and has been widely 
used to map the spatial distribution of probable land use given a set of locations where a 
particular land use or technology is present and a set of spatial constraints and factors relevant to 
that land use/technology. Elith et al (2006) demonstrated that the results of MaxEnt are amongst 
the best performing across a wide range of algorithms suitable for modeling the distribution of 
suitable habitats. MaxEnt is commonly used for species habitat suitability modeling, and there is 
little conceptual different between modeling species and their suitable habitats and modeling 
land use options and the areas most suitable for their application.   
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Random Forest (RF) is an ensemble classifier which makes class predictions (is this location 
suitable for technology x or not?) based on a set of input predictors (environmental, social and 
other factors). The input information is the same as MaxEnt, a set of locations where a technology 
or land use has been adopted, and a set of spatial layers that are relevant to this land 
use/technology. By using a very large number of decision trees or regression trees, RF makes 
many random sub selections of the predictors to best split or classify the locations into suitable or 
not. Thus many ‘random’ decision trees are generated and are termed a forest.  The final 
classification or suitability map is generated by inputting the predictors to each decision tree and 
tallying the ‘votes’ from each tree to determine the best classification.  There have been several 
studies that have provided theoretical and empirical evidence that RF classification is 
advantageous when compared to other classifiers or decision tree approaches.  
 
The major risks in these techniques – or any that use spatial data to extrapolate findings from a 
small number of observations - is that they are data dependent and cannot compensate in areas 
where there are missing or unknown factors that affect the likelihood of a technology being 
suitable or not.  Obtaining detailed and relevant  information for each technology is key to 
developing plausible domain maps which in turn need to be validated and approved by 
consultation and field work. 
 
The outputs from whatever model(s) that we finally select are little more than computer 
generated ‘smart guesses’ that need to be reviewed and revised by project partners and 
stakeholders to ensure that they reflect the plausible spatial extent for each technology within the 
Ganges coastal region. 
 
4) Development of future land-use plans based on historical land-use trends, assumed 
changes, constraints, and interventions from future scenarios. 
Q4: How will future water resource scenarios (driven by economic and climate changes) affect 
land use and how can future land-use planning accommodate these changes while maintaining 
sustainable livelihoods? 
Current and historical land use will be available from activity 1 and will be used in conjunction 
with expert knowledge and the future water resource scenarios for G4 to develop future land-use 
plans. This will be achieved using existing multicriteria decision models to address the competing 
demands and limiting factors that affect land-use allocation. We will develop matrices that link 
the change in water resources to land use change options and in combination with the economic 
and demographic changes we will work with the project partners to identify the most plausible 
land use patterns. Again, consultation with project partners across the BDC and external 
stakeholders (via project G5) will ensure that the proposed future land-use plans reflect the 
anticipated changes and constraints. 
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5. Links to previous and ongoing work  
 
The G1 project will review and assess several existing land use studies and spatial databases as 
part of its data assessment and compilation component. Here, we briefly describe three key 
studies or databases and justify the need for further data acquisition.  
 
1)   Bangladesh Country Almanac (BCA) 
BCA was developed by CIMMYT in close collaboration with Bangladeshi partners (such as SRDI, 
BRRI and BARC) as a CDROM application containing spatial and tabular data on climate, land and 
soils, crops, demography, hydrography, infrastructure, health, marketing, livestock, forestry and 
poverty.  The BCA project started in 2002 and the most recent version was release in 2006.  It was 
developed as a tool to aid decision making in program and research design for extension services 
and NGOs.   
 
Since it was developed for use nationally, the data is mostly countrywide and at a coarse 
resolution (although a few datasets are available at 1:50,000 scale or summarized at thana/union 
level).  This limits the use of the BCA in this project, but data within the BCA will be used if there 
are no better alternatives. 
 
2) Coastal Land Uses and Indicative Land Zones from the Program Development Office for  
Integrated Coastal Zone Management Plan  (PDO-ICZMP)   
In 2002, the Government of Bangladesh initiated PDO-ICZMP as an inter-ministerial and inter-
agency program including formulations of Coastal Zone Policy, Coastal Development Strategy and 
a Priority Investment Program. The Coastal Zone Policy, approved in 2005, advocated land zoning 
of the coast and the Coastal Land Uses and Indicative Land Zones document summarises the 
zoning approach and the data used.   
 
BCA was a major source of information for the zoning approach and furthermore administrative 
units at Upazila level were selected as the boundary units of the zoning.  This is too coarse for the 
polder and sub polder level targeting that is required by this project.  Findings and methodologies 
from this zoning exercise will be reviewed during our data assessment, but again, we need more 
detail in our recommendations. 
 
3) BARC natural resource data database 
BARC has developed an impressive set of national level spatial datasets that are available at 
1:250,000 scale, including administrative boundaries, land resources, climatic and hydrological 
resources, agro-ecological zoning, cropping pattern and farming systems information. BARC was a 
major contributor to the BCA.  Again, this is a valuable resource, but few data are available at the 
level of detail required for this project, but will act as a backup if more detailed information is not 
available. 
 
The CPWF has previous experience in the Ganges Basin during Phase 1 research that provides a 
number of lessons that the present program can build from. These include key learning areas that 
were made available to the Project Development Workshop: 
PN07 - Improving productivity in salt-affected areas  
PN10 - Coastal resource management for improving livelihoods (CRESMIL)  
PN16 - Aerobic rice system  
PN23 - Resource management for sustainable livelihoods  
PN34 - Improved fisheries in tropical reservoirs  
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PN35 - Community-based fish culture  
PN42 - Groundwater governance in IGB and YRB  
PN48 - Strategic analysis of river linking 
 
Furthermore, in carrying out activities, the project will build on previous work on coastal land 
management by national and international agencies and projects, such as the Integrated Coastal 
Zone Management Program of the Water Resources and Planning Organization (WARPO, 
Bangladesh); the various Dutch-funded Char Development and Resettlement programs; the 
Regional Fisheries and Livestock Project (RFLP) of the Ministry of Fishery and Livestock and its 
predecessor programs funded by DANIDA; and work by the Center for Environmental and 
Geographic Information Services (Bangladesh), Institute of Water Modeling, and Bangladesh 
Water Development Board. 
 
The key lesson is that each G1 partner has a wealth of experience and information that can 
contribute to an understanding of the natural and human resources, governance, and 
infrastructure in the polder region but that a collaborative effort is needed across the partners to 
answer the multidisciplinary questions posed by this project. The spatial data and information 
held by each partner will need to be shared—with due care given to intellectual property rights 
and restrictions—across the consortium. Without data-sharing agreements, it will be impossible 
to achieve the project goal.  
 
6. Links to other BDC projects 
 
Research 
outputs 
Dependencies on 
other BDC projects to 
produce them 
Use of research outputs by 
other BDC projects 
Risks and assumptions 
Site 
characteriza
tion 
Depends on G2 and G3 
to define sites, and to 
define the data needed 
to adequately describe 
the sites. 
G2 and G3 will use the site 
characterization to better 
understand the factors that 
influence the success of a 
particular technology. 
High-quality information 
is available from G1 
partners in good time.  
G2 and G3 to provide 
details on the 
information they require. 
Extrapolatio
n domains 
Depend on G2 and G3 
to provide expert 
opinion and other 
inputs to validate and 
refine the 
extrapolation domains.  
G2 will use the domains to 
plan scaling out of the 
technologies. G5 will work 
with G1, G2, and G3 to 
effectively disseminate the 
domain maps for each 
technology. 
High-quality information 
is available from G1 
partners in good time. 
G2 to provide “ideal 
environment” 
information for each 
technology. 
Land-use 
maps, past, 
current, 
future 
Depend on G4 for 
future scenario 
information, which will 
drive the future land-
use model. G4 (and G2 
and G3 partners) 
would work with G1 to 
refine the future land-
use plans based on 
expert opinion. 
G4 will use the future land-
use plans to determine the 
impact of the land-use 
changes. G2 and G3 will use 
the plans to determine the 
areas where technologies can 
be targeted in the future. G5 
will work with G1 and G4 to 
effectively disseminate the 
land-use maps. 
High-quality information 
is available from G1 
partners in good time.  
Scenario information 
provided by G4 (in 
collaboration with G1) in 
good time. 
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7. Suggested sites 
 
Activities 1, 3, and 4 of the G1 project will cover all the polders in the Ganges coastal zone of 
Bangladesh. Activity 2 will be linked to the sites selected by projects G2 and G3. 
 
8. Project Outcome Pathways  
Please refer to Annex A Project workbook, worksheet PNX-OLM. 
 
9. Activities and Implementation Plan 
Please refer to Annex A Project workbook, worksheet PNX-Gantt Chart. 
 
10. Communications 
 
Please refer to the G5 proposal. G5, in cooperation with the CPWF and the other projects, will  
coordinate and implement the communication plan.  
The outputs from G1 (domain maps and future land-use plans) are decision support tools and 
information sources for policymakers and extension services. Through G5, these actors need to be 
aware of the project’s goals before its inception and must play a role in the project reflection and 
forums.   
G1 interacts closely with projects G2, G3, and G4 in order to develop site profiles, plausible 
technology targeting options, and future land-use plans. As such, G1 provides information to 
other BDC project partners to allow them to answer their research questions. The main outputs 
from G1 are the domain maps and future land-use plans. These will be incorporated into the 
project-wide common communication strategy led by G5 in the form of policy briefs and 
recommendations to decision makers.   
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PART C: CONSORTIUM DETAILS, INDICATIVE BUDGET AND REFERENCES  
 
11. Consortium Details  
 
Lead Institution  
 
IRRI has collaborated on several projects in Bangladesh with a strong spatial component, ranging 
from socioeconomic characterization such as poverty mapping to natural resource management 
issues such as flood vulnerability assessments and rural development issues such as mapping the 
physical limiting factors relating to market access. 
In conjunction with several Bangladeshi government agencies, IRRI co-developed and published a 
series of small area estimate poverty maps for Bangladesh at the upazilla level, indicating poverty 
incidence, depth (i.e., how far below the poverty line, on average, are poor households?), and 
severity (i.e., how unequal are income levels among the poor?). 
The poverty maps were used in a related project to identify flood-damaged areas from the 2004 
monsoon and the incidence of poverty in those flood-affected areas to guide postflood responses 
and long-term planning to reduce the risk from future flood events. 
Within the context of Phase 1 CPWF Project PN 10 (Resource management for sustainable 
livelihoods in the coastal zones of Vietnam and Bangladesh), IRRI has collected substantial 
biophysical and socioeconomic data on the coastal zones of Bangladesh and worked on land-use 
zoning of the coastal zones of Vietnam. IRRI also coordinated the project Systems Research 
Network for Ecoregional Land-Use Planning (SysNet) in support of natural resource management 
in tropical Asia, which developed a Web-based user interface to the multiple-goal linear 
programming (MGLP) for land-use planning at the subnational level. 
 
Project Partners 
 
Institution 1: IWM (Institute of Water Modelling) 
Lead person: Zahir-ul Haque Khan, director, Coast, Port, and Estuary Management Division 
Strengths: IWM is the lead agency for data and models on river flow and floods, irrigation and 
drainage, morphology and sediment transport, salinity and water quality, off-take dynamics, 
coastal and offshore hydraulics, marine environment, and groundwater flow processes. IWM’s 
role is to provide spatial information, expert advice, and some technical support for the 
generation of the geodatabase and the resulting land-use plans. 
 
Institution 2: SRDI (Soil Resource Development Institute) 
Lead person: Md. Moqbul Hossain, principal scientific officer, Training Section, data processing  
Strengths: SRDI is the authority on soil resources and salinity monitoring in the region. SRDI has 
expertise in the interpretation of chemical and physical soil characteristics and it curates an 
extensive soil survey database and digital land-use maps. Furthermore, SRDI has expertise in soil 
and land-use characterization, and land-use planning in the coastal zones, and has a network of 
offices in the coastal zones. SRDI’s role is to provide spatial information, expert advice, and some 
technical support for the generation of the geodatabase and resulting domain maps and land-use 
plans. 
 
Institution 3: LGED (Local Government Engineering Department) 
Lead person: Munir Siddiquee, executive engineer, GIS Unit 
Strengths: LGED is one of the largest public-sector organizations in Bangladesh entrusted with 
planning and implementing local-level rural, urban, and small-scale infrastructure development 
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programs for water resources. The GIS unit of LGED has developed spatial data on infrastructure 
(polders, irrigation, canals, transport) as well as polder area information (socioeconomics, 
landholdings). LGED’s role is to provide spatial information, expert advice, and some technical 
support for the generation of the geodatabase and resulting domain maps and land-use plans. 
 
Institution 4: BWDB (Bangladesh Water Development Board) 
Lead person: Md. Salim Bhuiyan (superintending engineer) 
Strengths: BWDB is the principal agency of the government for managing water resources of the 
country. It has the responsibility of carrying out flood control and handling drainage and irrigation 
projects to boost productivity in agriculture and fisheries. BWBD’s role in the consortium is to 
provide information and expert advice on water resource management in the coastal polders 
relative to the proposed extrapolation domain maps and land-use plans. 
 
12. Indicative breakdown of budget 
 
Please refer to Annex A Project workbook, worksheets PNX $ Summary, PNX $ Comments, PNX $ 
Time Allocation, PNX $ By Outputs, and PNX $ By Institution.  
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